Introduction
Direct cell-cell contact and transfer of chemical messenger molecules is believed to be a prerequisite for the differentiation of many embryonal systems. Although it is not clear whether such interactions involve preferably cell surface molecules or are mediated by the establishment of specialized junctions formed by cell membranes, there is experimental evidence for the existence in progressively developing systems of both modes of cell-cell interactions. Several investigators have proposed that a common surface formation of mammalian cells known as gap junction mediates cell-cell communication (which is also called intercellular communication) in developing embryos, and Lo has summarized most of the existing information and discussed its possible implications as well as the challenges for future experimental investigations (1, 2) . Cell interactions constitute a pivotal mechanism in differentiation and morphogenesis, and the geneti-cally programmed building plan can only be realized if the cells can communicate with each other in a developmentally meaningful manner (3) . Therefore, it appears reasonable to assume that interference with cell-cell communication may disrupt normal morphogenesis. Although gap junction-mediated transmission of developmental signals is an attractive possibility, no studies have yet been reported which have examined the effects of chemicals specifically inhibiting cell-cell communication in a developing system (4) . There are considerable methodological complexities in performing such studies, because the most interesting observations in progressively developing mouse embryos have derived from electrical coupling measurements through microelectrode impalements of single cells and from the iontophoresis offluorescein-labeled molecules into single cells (1, 2) .
Based on several commonalities between teratogenesis and carcinogenesis (5, 6) , it has recently been proposed that concepts developed from research in tumor promotion might be applicable to chemically induced teratogenesis (7 (10) .
In this communication we describe observations obtained with a cell line derived from a human abortus. We have recently established that these mesenchymal cells displayed metabolic cooperation in culture which appeared to be mediated by gap junctions and was inhibited by a chemical which interferes with cell-cell communication and is a potent tumor promoter and teratogen (11, 12) . The cells appeared to be particularly relevant for studies on the induction of abnormal development, because they derived from the palate region of a normal human embryo close to the time of palate closure (13) and contain high affinity glucocorticoid receptors. These recognition sites show pharmacologic specificity and may have relevance to cleft palate induction in the human embryo (14, 15) . In the present study we These cells were then pulse labeled with 3H-urdine (10 ,iCi/mL; specific activity 20.7 Ci/mmole; New England Nuclear, Boston, MA). After removal of 3H-uridine and thorough washing the cover slips were transferred to fresh culture wells. Now 200,000 to 400,000 potential recipient cells were added in 4 mL DMEM with or without the addition of a chemical whose effect on metabolic cooperation was to be assessed. The coculture period with the prelabeled donor cells was 3 hr. At that time the cells were washed with phosphate-buffered saline (PBS) and fixed with 10% buffered formalin for 1 hr at 4°C. Unincorporated nucleotides were removed by washing twice for 5 
Results and Discussion
Experiments reported elsewhere in part (11) and to be published elsewhere (12) have established that 3H-uridine-associated radioactivity was transferred via gap junctions between pulse-labeled potential donor cells and unlabeled potential recipient cells during coculture. Further analyses revealed that the material exchanged was of low molecular weight, compatible with nucleotides, and that RNA could not be passed between cells. This conclusion was based on the observation that radioactivity was no longer transferred between cells if coculture with potential recipient cells was delayed for 24 hr after pulse labeling. At that time more than 90% of the label had become acid-insoluble and was presumably incorporated into RNA. The glycol ethers whose effect on the transfer of labeled nucleotides was studied in the present experiments were selected because ME (18, 19) caused abnormal development in laboratory animals. All monoalkyl derivatives which were examined in V79 cell cultures inhibited metabolic cooperation, and IPE which has apparently not yet been tested for its teratogenic potential in vivo was the most efficacious one (10) . The selection of the concentrations to be examined in the present experiments was based on experience with V79 cells, although the criteria used for cytotoxicity assessments in that cell line were not necessarily applicable to HEPM cells because of the different nature of the cells and the much longer exposure time to chemicals which lasted for 3 days in V79 cells. When trypan blue exclusion from HEPM cells following 3 hr of exposure to the glycol ethers was used as a criterion, there was no evidence of cytotoxicity. Pulse labeling of potential donor cells in the presence of various concentrations of ME or IPE caused no significant inhibition of incorporation of 3H-uridine into RNA (Table 1) .
Quantitative autoradiographic analysis of eosinstained cell cultures suggested significant, concentration-related reductions in labeled nucleotide transfer when the cells were exposed to 2-ME during coculture. A solvent control was not required because of the excellent water solubility of the glycol ethers. Grain counts in entire fields of recipient cells surrounding 10 donor cells and making direct or indirect contact with the donors suggested good correlation between the extent of nucleotide transfer inhibition and ME concentration. When the total grain number in all control recipient cells was set to be 100% and all ME-treated cocultures were expressed relative to this value, 0.25 M reduced grain transfer by 37% and 0.30 M by 56% (Fig. 1) . These effects were attributed to an inhibition of metabolic cooperation, presumably mediated by gap junctions, caused by ME. This interpretation of the observations was made by extrapolation from our quantitative morphometric analysis of HEPM gap junctions in response to the teratogen 12-0-tetradecanoyl-phorbol-13-acetate (12) .
In later experiments the autoradiograms were stained with Giemsa because eosin did not make cell contures well visible. However, the silver grain of the photoemulsion allowed easy distinction between intensely labeled donor cells, recipient cells in direct contact with the donors and those that made only indirect contact through other recipient cells and thus contained fewer grains per cell. Quantitative autoradiography and the interpretation of the experimental observations were initially based on eosin stained cell cultures. Giemsa, however, revealed more details of cell membranes and other cell fine structure at the level of light microscopy than eosin did and suggested that ME had adverse effects on the morphology of the HEPM cells. Some of the cells looked as if they had rounded off and were staining much more intensely than cells in control autoradiograms. Furthermore, the cell density appeared to be reduced because many cells were not flattened out on the substratum and took less space than untreated cells (Fig. 2 ). This impression was further supported by a reduction in the number of recipient cells visible per field surrounding one donor cell (Fig. 3) .
Additional confirmation for deleterious effects of ME 22--........ on HEPM cells was subsequently obtained by SEM of cells exposed to 0.19 M and 0.25 M ME for 3 hr analogous to the coculture experiments (Fig. 4) . It was observed that 0.19 M caused rounding of many cells and disappearance of morphological features typical for these mesenchymal (prefibroblastic) cells grown under control conditions in DMEM (Fig. 4 A) . The loss of cell-cell contacts was quite obvious in cells exposed to ME. Another notable feature was extensive bleb formation resulting from exposure to 0.19 M ME (Fig. 4B) (Fig. 5A) . In Giemsa stained cultures there was no evidence of IPE-induced damage to the morphology of the HEPM cells when judged by light microscopy, except for beginning signs of some change in cell membrane-staining characteristics at 0.1 M IPE. There was no evidence at this level of optical resolution that IPE had caused changes anywhere comparable to those illustrated following ME. This was reflected in the unchanged number of potential recipient cells in a given field surrounding a donor over the entire concentration range of IPE (Fig. 5 B) in contrast to ME where damage to the cell morphology was also reflected in a decline in the number of recipients per donor (Fig. 3) It is difficult to compare doses of glycol ethers administered to pregnant animals with those used in the present cell culture studies. Nevertheless, it may be informative to mention that ME induced deviations in structural development after oral doses of 1 to 3 mmoles/kg for 8 consecutive days during mouse organogenesis (18) . Dermal application of 40 mmoles 2-ethoxyethanol/kg or more for 10 days to pregnant rats caused malformations (20) (1) . The present observations indicate that the inhibition of labeled nucleotide transfer resulting from ME exposure may be in part attributable to alterations in cell shape induced by the chemical. Further biochemical and ultrastructural criteria are needed to better define the consequences of ME exposure on cell viability.
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The inhibition of metabolic cooperation between HEPM cells by tetradecanoyl phorbol acetate was correlated to ultrastructural changes in gap junction appearance compatible with the idea of chemically induced disappearance of channels (12) . While comparable freeze fracture electron microscopy analyses have not yet been performed in cells exposed to IPE, the light microscopic morphology suggested that the inhibitory effect of IPE on H-nucleotide transfer was not the result of alterations in cell shape comparable to those induced by ME.
The effects of chemical teratogens which we have so far observed in both V79 hamster (10) and in HEPM cells (11, 12) encourage further investigations in cell culture or in a progressively developing culture system (1, 2) of the phenomenon of cell-cell communication, its disruption by xenobiotics and the possible relevance of the effect to congenital malformations.
